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ABSTRACT
T his  r e s e a r c h  p r o j e c t  so u g h t  to  d e te rm in e  
w h e th e r  t h e r e  i s  a  s i g n i f i c a n t  r e l a t i o n s h i p  between the  
tem p o ra l  t h r e s h o l d  f o r  th e  d e t e c t i o n  o f  f r e q u e n c y  modu­
l a t i o n  in  two to n e s  p r e s e n t e d  s im u l t a n e o u s l y  and the  
d eg re e  o f  s e p a r a t i o n  between th e  to n e s  on the  f re q u en cy  
sp e c t ru m .  The f o l lo w in g  h y p o th e s e s  were t e s t e d :
1. There i s  no s i g n i f i c a n t  r e l a t i o n s h i p  between the  
tem p o ra l  t h r e s h o l d s  f o r  th e  d e t e c t i o n  o f  f re q u en cy  modu­
l a t i o n  i n  tw o- tone  c o m b in a t io n s  and th e  d e g ree  o f  s e p a r a ­
t i o n  between  the  to n e s  on th e  f re q u e n cy  sp e c t ru m  when th e  
d eg re e  o f  s e p a r a t i o n  i s  e x p r e s s e d  I n  c y c l e s  p e r  s e c o n d .
2 .  There i s  no s i g n i f i c a n t  r e l a t i o n s h i p  between the  
tem pora l  t h r e s h o l d s  f o r  th e  d e t e c t i o n  o f  f r e q u e n c y  modu­
l a t i o n  i n  tw o- tone  co m b in a t io n s  and the  d eg ree  o f  s e p a r a ­
t i o n  between  the  to n e s  on th e  f r e q u e n c y  sp ec t ru m  when the  
d eg re e  o f  s e p a r a t i o n  i s  e x p r e s s e d  i n  o c t a v e  r e l a t i o n s h i p s .
3. There i s  no s i g n i f i c a n t  r e l a t i o n s h i p  between the  
tem pora l  t h r e s h o l d s  f o r  th e  d e t e c t i o n  o f  f r e q u e n c y  modu­
l a t i o n  i n  tw o - to n e  co m b in a t io n s  and th e  d eg ree  o f  s e p a r a ­
t i o n  between th e  to n e s  on the  f re q u en cy  sp ec t ru m  when
t h e  d eg ree  o f  s e p a r a t i o n  i s  e x p re s s e d  i n  mel r e l a t i o n s h i p s .
v i
I n  o r d e r  to  t e s t  t h e s e  h y p o th e s e s  the  s u b j e c t s  
i n  the  p r o j e c t  were s t i m u l a t e d  w i th  two pu re  to n e s  e i t h e r  
o r  b o th  o f  which co u ld  be w a rb le d .  T h e r e f o r e  t h e r e  were 
f o u r  ty p es  o f  s t i m u l i :  th o s e  i n  which b o th  sounds were
w a rb le d ,  t h o s e  i n  which n e i t h e r  sound was w a rb le d ,  th o se  
i n  which the  h i g h e r  sound was w arb led  and th o s e  i n  which 
th e  low er  sound was w a rb le d .  The s u b j e c t s  a t t e m p te d  to 
d e te rm in e  which type  o f  s t i m u l u s  was i n  each  sample to  
which they  l i s t e n e d .  The sounds were p r e s e n t e d  w i th  
s t i m u l u s  d u r a t i o n s  o f  from .15  to  1 .50  s e c o n d s .  The 
t h r e s h o l d  was s e t  a t  t h a t  sound d u r a t i o n  a t  which th e  
s t i m u l u s  was c o r r e c t l y  i d e n t i f i e d  by the  s u b j e c t s  50% 
o f  the  t im e .
The c o r r e l a t i o n  between  the  o b t a i n e d  t h r e s h o l d s  
and th e  d eg ree  o f  s e p a r a t i o n  between the  to n e s  from 
which th e  t h r e s h o l d s  were o b t a i n e d  was t e s t e d  w i th  th e  
Spearman Rho. The Rho was .0 2  f o r  h y p o t h e s i s  one and 
.09  f o r  h y p o t h e s i s  two. These c o r r e l a t i o n s  a r e  n o t  
s i g n i f i c a n t  a t  the  .05  l e v e l  o f  c o n f id e n c e .  T h e r e f o r e ,  
h y p o th e s e s  one and two were n o t  r e j e c t e d .  The Rho was 
.88  f o r  h y p o t h e s i s  t h r e e .  T h is  v a lu e  i s  s i g n i f i c a n t  a t  
beyond th e  .01 l e v e l  o f  c o n f i d e n c e .  H y p o th e s i s  t h r e e  
was, t h e r e f o r e ,  r e j e c t e d .
v i i
CHAPTER I
I n t r o d u c t i o n
Sound s t i m u l i  may be c l a s s e d  a c c o r d in g  to  th e  
d eg ree  o f  c o m p le x i ty  o f  th e  s i g n a l .  The v a r i o u s  t y p e s  o f  
sounds  may be a r r a n g e d  on a cont inuum , w i th  s im p le  s t i m u l i ,  
pu re  to n e s ,  a t  one end and e x t r e m e ly  complex so u n d s ,  n o i s e  
s t i m u l i ,  a t  th e  o t h e r .  The sounds which occupy th e  
ex t rem e o f  t h i s  cont inuum have r e c e i v e d  c o n s i d e r a b l e  
i n v e s t i g a t i o n .  l i t t l e  i s  known, however,  ab o u t  l i s t e n e r  
p e r c e p t i o n  o f  th e  a c o u s t i c a l  c h a r a c t e r i s t i c s  o f  sounds 
which l i e  w i t h i n  t h e  i n t e r m e d i a t e  r an g e  o f  s t i m u l u s  com­
p l e x i t y .  Some i n v e s t i g a t o r s  have commented on th e  need 
f o r  r e s e a r c h  i n  t h i s  a r e a  ( 3 ) .
Ramsdell  (4 )  has i n v e s t i g a t e d  the  r e s p o n s e  o f  the  
e a r  to  f re q u e n c y  m odu la ted  pure  t o n e s .  L i t t l e  o r  no 
a t t e n t i o n ,  however,  has been g iv e n  to  p o s s i b l e  i n t e r ­
a c t i o n s  t h a t  m igh t  o ccu r  between  two such  to n e s  when they  
a r e  a d m i n i s t e r e d  s i m u l t a n e o u s l y .  At th e  p r e s e n t  t im e ,  
f o r  example,  i t  i s  n o t  known w h e th e r  the  d eg ree  o f  s e p a ­
r a t i o n  i n  f r e q u e n c y  between two to n e s  has  any e f f e c t  on 
th e  p e r c e p t i o n  o f  t h e  p h y s i c a l  a t t r i b u t e s  o f  the  t o n e s .  
T h is  i n f o r m a t i o n  may have v a lu e  i n  the  f o r m u l a t i o n  o f
1
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t h e o r i e s  o f  h e a r i n g  which w i l l  e x p l a i n  more obse rved  
phenomena th a n  do e x i s t e n t  t h e o r i e s .  A lso ,  such d a t a  
may s u g g e s t  new te c h n iq u e s  f o r  t r a i n i n g  i n  sound d i s ­
c r i m i n a t i o n .
Problem
This research project seeks to determine whether 
there is  a s ignificant relationship between the temporal 
threshold for the detection of frequency modulation in 
two tones presented simultaneously and the degree of 
separation between the tones on the frequency spectrum.
The following hypotheses were tested in this study:
1• There  i s  no s i g n i f i c a n t  r e l a t i o n s h i p  between the  
tem p o ra l  t h r e s h o l d s  f o r  th e  d e t e c t i o n  o f  f r e q u e n c y  modu­
l a t i o n  i n  tw o- tone  co m b in a t io n s  and th e  d eg ree  o f  s e p a ­
r a t i o n  between th e  to n e s  on th e  f re q u en cy  sp ec t ru m  when 
t h e  d eg ree  o f  s e p a r a t i o n  i s  e x p r e s s e d  i n  c y c l e s  p e r  seco n d .
2.  There i s  no s i g n i f i c a n t  r e l a t i o n s h i p  between the  
tem pora l  t h r e s h o l d s  f o r  th e  d e t e c t i o n  o f  f re q u en cy  modu­
l a t i o n  i n  tw o - to n e  co m b in a t io n s  and th e  d eg re e  o f  s e p a r a ­
t i o n  between  the  to n e s  on the  f re q u en cy  sp e c t ru m  when th e  
d eg ree  o f  s e p a r a t i o n  i s  e x p r e s s e d  i n  o c t a v e  r e l a t i o n s h i p s .
3 .  There i s  no s i g n i f i c a n t  r e l a t i o n s h i p  between th e  
te m p o ra l  t h r e s h o l d s  f o r  th e  d e t e c t i o n  o f  f r e q u e n c y  modu­
l a t i o n  i n  tw o - to n e  co m b in a t io n s  and th e  d e g re e  o f  s e p a r a ­
t i o n  between th e  to n e s  on the  f r e q u e n c y  spec trum  when the
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deg ree  o f  s e p a r a t i o n  i s  e x p re s s e d  I n  m e l1 r e l a t i o n a h i p g .
The mel i s  a  u n i t  r e p r e s e n t i n g  the  p s y c h o l o g i c a l  
" h ig h n e s s "  o r  " lo w n ess"  o f  t o n e s .  I t  i s  a r r i v e d  a t  by 
th e  "method o f  f r a c t i o n a t i o n * " i . e . *  a  p i t c h  a t  1000 c p s .  
i s  g iv e n  the  a r b i t r a r y  number o f  1000 m e ls ;  a  tone  which 
s u b j e c t i v e l y  sounds h a l f  a s  h ig h  i n  p i t c h  i s  500 m e ls .  and 
a  p i t c h  one f o u r t h  a s  h ig h  i s  250 m e ls ,  e£ c e t e r a . (8 )
CHAPTER I I
PROCEDURE IN PRELIMINARY INVESTIGATIONS
F o u r  p r e l i m i n a r y  i n v e s t i g a t i o n s  were u n d e r t a k e n  
i n  p r e p a r a t i o n  f o r  the  m a jo r  s tu d y  o f  t h i s  p r o j e c t .  The 
purpose  o f  th e  f i r s t  p r e l i m i n a r y  i n v e s t i g a t i o n  was to  
d e te rm in e  th e  r e q u i r e d  t o n a l  i n t e n s i t y  f o r  each  f re q u en cy  
employed i n  t h i s  s tu d y  to  be p e r c e iv e d  a s  e q u a l l y  lo u d .
The pu rpose  o f  th e  second  and t h i r d  i n v e s t i g a t i o n s  
was to  e s t a b l i s h  t h r e s h o l d s  f o r  th e  d e t e c t i o n  o f  f re q u e n c y  
m o d u la t io n  i n  a  s i n g l e  pu re  to n e  u n d e r  the  s p e c i f i c  
l i s t e n i n g  c o n d i t i o n s  employed i n  t h i s  r e s e a r c h .  This  
i n f o r m a t i o n  was needed to  a s c e r t a i n  i f  p a r a m e te r  v a l u e s  
chosen  from the  l i t e r a t u r e  would be a p p r o p r i a t e  f o r  t h i s  
p r o j e c t .
The f o u r t h  p r e l i m i n a r y  i n v e s t i g a t i o n  o b ta in e d  a 
tem pora l  t h r e s h o l d  f o r  th e  d e t e c t i o n  o f  f r e q u e n c y  modula­
t i o n  a s  d id  the  second and t h i r d .  I n  the  f o u r t h  s t u d y ,  
however,  t h e  m o d u la t io n s  were d e t e c t e d  i n  two s i m u l t a n e ­
o u s ly  a d m i n i s t e r e d  to n e s .  Th is  i n v e s t i g a t i o n  d e te rm in ed  
th e  p a r a m e te r s  which were employed i n  the  m a jo r  s tu d y  o f  
t h e  p r o j e c t .
5
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Recommendations found i n  the  l i t e r a t u r e  were 
u se d  to  d e te rm in e  th e  i n i t i a l  s e l e c t i o n  o f  s t i m u l u s  
p a r a m e t e r s .  On th e  b a s i s  o f  i n f o r m a t i o n  found i n  Shower 
and B iddu lp  ( 6 ) ,  th e  f r e q u e n c y  m o d u la t io n s  employed i n  
t h i s  s tu d y  were p roduced  i n  a  s i n u s o i d a l  manner.  The 
r a t e  o f  m o d u la t io n  employed was a p p ro x im a te ly  6 .5  c p s .  
A cco rd ing  to  Ram sdell  ( 4 ) ,  t h i s  r a t e  i s  a p p r o p r i a t e  f o r  
t h e  p e r c e p t i o n  o f  f r e q u e n c y  m o d u la t io n .
I t  sh o u ld  be n o te d  t h a t  a l th o u g h  p i t c h  changes  
can  be p e r c e iv e d  a t  t h i s  m o d u la t io n  r a t e ,  Shower and 
B id d u lp  (6) recommend a  two c y c l e  p e r  second m o d u la t io n  
r a t e  a s  i d e a l  f o r  the  d e t e c t i o n  o f  changes  i n  p i t c h .  A 
two c y c l e  per  second  f re q u en cy  m o d u la t io n  was i n a p p r o ­
p r i a t e  i n  t h i s  p r o j e c t ,  however,  f o r  th e  t ime d u r a t i o n  
o f  many o f  th e  s t i m u l i  would be s h o r t e r  than  th e  r a t e  o f  
change;  i . e . ,  a  .15  second s t i m u l u s  would i n c l u d e  .075 
o f  a c y c l e .  Th is  change i s  too s m a l l  f o r  r e c o g n i t i o n  
and ,  t h e r e f o r e ,  a  m o d u la t io n  r a t e  o f  two c y c l e s  p e r  
second  co u ld  n o t  be used  i n  t h i s  p r o j e c t .  I n  t h i s  
r e s p e c t ,  the  s t i m u l i  employed i n  t h i s  s tu d y  d id  n o t  
p e r m i t  o p t im a l  c o n d i t i o n s  f o r  th e  d e t e c t i o n  o f  changes  
i n  f r e q u e n c y .
The s t i m u l u s  d u r a t i o n s  employed i n  t h i s  p r o j e c t ,  
from .15  to  5*00 s e c o n d s ,  a r e  s u f f i c i e n t l y  lo n g  f o r  th e  
e a r  to o p e r a t e  a t  maximal s e n s i t i v i t y  i n  d e t e c t i n g
6
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changes  i n  f r e q u e n c y  a c c o r d in g  to  B e k e s y ' s  f i n d i n g s  ( 1 ) .  
The s t i m u l i  were p r e s e n t e d  b i n a u r a l l y  a t  an i n t e n s i t y  
l e v e l  o f  one so n e .^
F i r s t  P r e l i m i n a r y  I n v e s t i g a t i o n
The p u rp o se  o f  th e  f i r s t  p r e l i m i n a r y  i n v e s t i g a ­
t i o n  was to  p l o t  an eq u a l  lo u d n e s s  c o n to u r  f o r  th e  
s p e c i f i c  l i s t e n i n g  c o n d i t i o n s  i n  the  sound f i e l d  to  be 
u sed  f o r  t h i s  s t u d y .  The equipment employed i n  t h i s  
i n v e s t i g a t i o n  in c lu d e d  a B e l to n e  15 A A udiom eter ,  an 
A l t e c  604-C S p eak e r ,  and a H e a t h k i t  AA-1 Audio A n a ly z e r .  
The l i s t e n i n g  t e s t s  were a d m i n i s t e r e d  i n  a p a r t i a l l y  
sound t r e a t e d  room i n  the  sp e ec h  r e s e a r c h  l a b o r a t o r y  
o f  L o u i s i a n a  S t a t e  U n i v e r s i t y .  The lo u d s p e a k e r  was 
p la c e d  i n  a c o r n e r  o f  th e  room t h a t  was 15 x 9 x 9 f e e t  
i n  s i z e  and t h r e e  c h a i r s  were p e rm an en t ly  p la c e d  i n
f r o n t  o f  i t .  The p o s i t i o n s  o f  th e  c h a i r s  r e l a t i v e  to
th e  s p e a k e r  a r e  shown i n  F i g u r e  1. The au d io m e te r  was 
l o c a t e d  i n  an a d j o i n i n g  room. The t e s t e r  co u ld  communi­
c a t e  w i th  th e  s u b j e c t s  v i s u a l l y  th rough  a  window between 
th e  two rooms and a u r a l l y  th ro u g h  an in te rc o m m u n ic a t io n  
sy s tem .
S i x t y - s i x  s u b j e c t s ,  46 fem a les  and 20 m ales  from 
th e  Departm ent o f  Speech o f  L o u i s i a n a  S t a t e  U n i v e r s i t y ,
i
The sone i s  a  u n i t  o f  l o u d n e s s .  One sone i s
e q u a l  i n  lo u d n e s s  to  a  1000 c p s .  tone  a t  40 db above
t h r e s h o l d .
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were employed in this study. Each subject was tested 
individually and assigned spec if ica lly  to one of the 
three chair positions#
The f o l l o w i n g  p ro c ed u re  was th en  employed to  
o b t a i n  the  e q u a l  lo u d n e s s  c o n t o u r :
1. The e x t e r n a l  o u tp u t  o f  th e  au d io m e te r  was 
co n n e c te d  d i r e c t l y  a c r o s s  the  t e r m i n a l s  o f  the  s p e a k e r .
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A r e f e r e n c e  tone  and a  com parison  tone  were th e n  p r e ­
s e n t e d  a l t e r n a t e l y  to the  s u b j e c t .
The r e f e r e n c e  t o n e f 1000 c p s . t was p r e s e n t e d  a t  
a lo u d n e s s  l e v e l  o f  one so n e .  The s u b j e c t  s i g n a l e d  to 
th e  t e s t e r  to  r a i s e  o r  low er  the  i n t e n s i t y  l e v e l  o f  a  
com par ison  tone  u n t i l  i t  was p e r c e iv e d  by the  s u b j e c t  as  
e q u a l  i n  lo u d n e s s  to  the  r e f e r e n c e  to n e .  The t e s t e r  then  
r e c o r d e d  th e  i n t e n s i t y  l e v e l  o f  the  com par ison  to n e .
2. The s u b j e c t s  tw ice  matched to  the  r e f e r e n c e  tone  
each  f re q u e n c y  employed i n  the  t e s t .  The two r e a d i n g s  
were a v e ra g e d  and the  mean v a lu e  was employed i n  p l o t t i n g  
th e  eq u a l  lo u d n e s s  c o n t o u r s .
3.  A mean lo u d n e s s  v a lu e  was o b ta i n e d  f o r  each 
s u b j e c t  f o r  th e  f o l l o w i n g  e i g h t  f r e q u e n c i e s :  6000, 4000, 
3000, 2000, 1000, 750, 500, and 250 c p s .  The v a l u e s  
o b t a i n e d  from the  i n d i v i d u a l  s u b j e c t s  were av e rag ed  to 
p ro v id e  a  lo u d n e s s  c o n to u r  f o r  th e  e n t i r e  p o p u l a t i o n  o f  
t h e  t e s t .
4.  The s i g n a l  power t h a t  was a p p l i e d  a c r o s s  the  
t e r m i n a l s  o f  th e  s p e a k e r  to  a c h ie v e  each o f  t h e s e  lo u d ­
n e s s  v a l u e s  was measured by the  aud io  a n a l y z e r .  The 
o b t a in e d  m easurements  a r e  g iv e n  in  Tab le  I .  These 
v a l u e s  were employed th ro u g h o u t  su b se q u en t  t e s t s  in  
t h i s  r e s e a r c h  p r o j e c t .
Tab le  I I  and F i g u r e  2 compare the  lo u d n e s s  
r e a d i n g s  o f  th e  au d io m e te r  f o r  a l l  o f  th e  f r e q u e n c i e s
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employed in  th e  f i r s t  p r e l i m i n a r y  i n v e s t i g a t i o n  a t  the  
t h r e e  c h a i r  p o s i t i o n s .  As shown in  Tab le  I I  th e  l a r g e s t  
mean d i f f e r e n c e  between any two c h a i r s  a t  any f re q u e n c y  
i s  between c h a i r s  A and B a t  250 c y c l e s  p e r  se co n d .  This  
d i f f e r e n c e ,  3 .2  db, i s  n o t  a c o u s t i c a l l y  s i g n i f i c a n t  f o r ,  
a l th o u g h  i t  i s  p o s s i b l e  to  d e t e c t  a  one db d i f f e r e n c e  i n  
lo u d n e s s  f o r  some pure t o n e s ,  the  i n t e n s i t y  d i f f e r e n c e -  
l im en  f o r  complex to n e s  i s  more o f  the  n a t u r e  o f  3 to  
4 db ( 5 ) .  T h e r e f o r e ,  th e  s t i m u l u s  to n e s  i n  t h i s  s tu d y
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may be c o n s id e r e d  e q u a l l y  loud  a t  each o f  the  c h a i r  
p o s i t i o n s .
Second P r e l i m i n a r y  I n v e s t i g a t i o n
The purpose  o f  th e  second p r e l i m i n a r y  i n v e s t i ­
g a t i o n  was to  o b t a i n  a  g r o s s  t h r e s h o l d  f o r  d e t e c t i o n  
o f  f r e q u e n c y  m o d u la t io n  i n  a  pure  t o n e .  The f o l lo w in g  
equipment was employed i n  t h i s  i n v e s t i g a t i o n :  a
H e w le t t - P a c k a r d  Wide Range O s c i l l a t o r  Model 200 CD, a 
Magnecorder Tape T r a n s p o r t  PT6 A and A m p l i f i e r  Model 
PT6 J ,  a Bel tone 15 A A udiometer  w i th  a  Model 101 
V a r b le to n e  A d a p te r ,  and a Perm oflux  PDR 1 headphone.  
Twelve s u b j e c t s ,  seven  male and f i v e  fem a le  s t u d e n t s  
from th e  L o u i s i a n a  S t a t e  U n i v e r s i t y  Speech Departm ent ,  
were used  i n  t h i s  i n v e s t i g a t i o n .
The f o l lo w in g  e x p e r i m e n ta l  p ro c e d u re  was 
employed:
1. A group  o f  90 sound sam ples  was p r e p a r e d  and 
p r e s e n t e d  to  th e  s u b j e c t s .  This  b lo c k  o f  sam ples  was 
made up o f  t e n  to n e s ,  f i v e  pure  and f i v e  w a rb led ,  a t  
n in e  d u r a t i o n s :  2 .00  s e c . ,  1 .75  s e c . ,  1 .50  s e c . ,
1.25 s e c . ,  1.00 sec . ,  .75 s ec . ,  .50 s ec . ,  .25 s ec . ,  
and .15 sec.
2. The s u b j e c t s  i n d i c a t e d  t h e i r  Judgments on forms 
p ro v id ed  by w r i t i n g  a "P" f o r  pure  tone  i f  the  sound
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was n o t  w arb led  and a  "V" f o r  w arb led  i f  th e  sound was 
f r e q u e n c y  m od u la te d .
3. The f re q u e n c y  o f  the  to n e s  employed i n  t h i s  
i n v e s t i g a t i o n  was 1000 c p s .  The pure  to n e s  were g e n e r ­
a t e d  by the  H e w le t t -P a c k a rd  o s c i l l a t o r .  The w arb led  
to n e s  were s u p p l i e d  by th e  B e l to n e  au d io m e te r  and 
a s s o c i a t e d  w a r b le to n e  a d a p t e r .
4. The to n e s  were r e c o r d e d  on tape  a t  15 in c h e s  
p e r  second w i th  th e  Magnecorder and were p r e s e n t e d  to  
th e  s u b j e c t s  th rough  a  P e rm oflux  PDR 1 headphone .
The tem pora l  t h r e s h o l d  f o r  t h i s  t e s t  was d e f in e d  
a s  th e  p o i n t  a t  which l i s t e n e r s  ac h iev e d  75# c o r r e c t  
i d e n t i f i c a t i o n s  o f  the  p r e s e n c e  o r  absence  o f  f re q u en cy  
m o d u la t io n .  The 75# c r i t e r i o n  r e q u i r e s  a  s u b s t a n t i a l  
number o f  c o r r e c t  answers  above th o s e  t h a t  c o u ld  be 
a t t r i b u t e d  to  ch an ce .  F ig u re  3 shows the  p e r c e n t a g e  o f  
c o r r e c t  i d e n t i f i c a t i o n s  a c h ie v e d  by the  s u b j e c t s  a t  
each  s t i m u l u s  d u r a t i o n .  These d a t a  i n d i c a t e  t h a t  th e  
t h r e s h o l d  f o r  th e  p e r c e p t i o n  o f  f requency  m o d u la t io n  in  
a  s i n g l e  pure  tone  l i e s  a p p r o x im a te l y  i n  th e  r e g i o n  o f  
.2 5  s e c o n d s .  This  f i g u r e  was u sed  to  d e t e rm in e  the  
r an g e  o f  t ime d u r a t i o n s  t h a t  would be employed f o r  th e  
s u b s e q u e n t  p r e l i m i n a r y  i n v e s t i g a t i o n  i n  which a more 
e x a c t  t h r e s h o l d  was s o u g h t .
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T h ird  P r e l i m i n a r y  I n v e s t i g a t i o n
The p u rp o se  o f  the  t h i r d  p r e l i m i n a r y  i n v e s t i ­
g a t i o n  was to  o b t a i n  a  f i n e  t h r e s h o l d  f o r  the  d e t e c t i o n  
o f  f re q u en cy  m o d u la t io n  i n  a  s i n g l e  t o n e .  The equipment 
employed i n  t h i s  t e s t  was i d e n t i c a l  to  t h a t  employed in  
th e  second i n v e s t i g a t i o n  e x c e p t  t h a t  th e  s t i m u l i  were 
p r e s e n t e d  by means o f  th e  A l t e c  s p e a k e r .  S i x ty  s u b j e c t s ,
14 m ales  and 46 fem a le s  from th e  sp eech  d e p a r tm e n t ,  were 
employed i n  t h i s  t e s t .  Twenty s u b j e c t s  were s e a t e d  i n  
each o f  the  t h r e e  c h a i r  p o s i t i o n s  diagramed i n  F i g u r e  1.
The f o l l o w i n g  p ro ce d u re  was employed i n  t h i s  
i n v e s t i g a t i o n :
1. The s u b j e c t s  a p p r a i s e d  90 sam ples  a t  each o f  
t h r e e  f r e q u e n c i e s ,  250, 1000, and 6000 cp s .  Nine 
s t i m u l u s  d u r a t i o n s  were employed f o r  t h e  t e s t :  1 .00  s e c . ,  
.5 0  s e c . ,  .45  s e c . ,  .40  s e c . ,  .35  s e c . ,  .30  s e c . ,  .25  s e c . ,
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,2 0  and ,15 s e c .  Ten s t i m u l i ,  f i v e  pure  to n e s  and f i v e  
w arb led  to n e s ,  were employed a t  each  d u r a t io n *
2. The pu re  to n es  were g e n e r a t e d  by th e  H e w le t t -  
Packard  o s c i l l a t o r .  The w arb led  to n e s  were s u p p l i e d  by 
the  B e l to n e  au d io m e te r  and W arb le tone  a d a p t e r .
3« The samples  were r e c o r d e d  on t a p e  a t  15 in c h e s  
pe r  second  on t h r e e  t a p e s ,  one f o r  each f re q u e n c y  
employed i n  th e  i n v e s t i g a t i o n .
4 . The s i g n a l  o f  th e  a m p l i f i e r  was a p p l i e d  to  th e  
t e r m i n a l s  o f  the  s p e a k e r  i n  th e  l i s t e n i n g  room diagramed 
i n  F i g u r e  1. The Magnecorder was c a l i b r a t e d  so t h a t  the  
s i g n a l s  from i t  c o n t a in e d  the  power c a l l e d  f o r  by th e  
lo u d n e s s  c o n t o u r .
5* The t a p e s  were p r e s e n t e d  i n  random o r d e r  to  the  
s u b j e c t s .  The a p p r a i s a l s  were r e c o rd e d  i n  th e  same 
manner a s  i n  th e  second  p r e l i m i n a r y  i n v e s t i g a t i o n .
6.  The t h r e e  t h r e s h o l d s  o b t a in e d  were a v e ra g ed  and 
t h e i r  mean was taken  a s  th e  f i n e  t h r e s h o l d  f o r  a s i n g l e  
to n e .
F ig u re  4 shows the  p e r c e n ta g e  o f  c o r r e c t  
i d e n t i f i c a t i o n  o f  f r e q u e n c y  m o d u la t io n  i n  the  to n e s  a t  
each  d u r a t i o n  employed in  t h i s  t e s t .  On the  b a s i s  o f  
t h e s e  d a t a  th e  f i n e  t h r e s h o l d  f o r  d e t e c t i o n  o f  f r e q u e n c y  
m o d u la t io n  i n  s i n g l e  to n e s  was d e te rm in e d  a s  b e in g  
a p p r o x im a te ly  .21 s e c o n d s .  Th is  v a l u e  was u se d  i n
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e s t a b l i s h i n g  th e  s t i m u lu s  d u r a t i o n s  t h a t  were employed in  
th e  f o u r t h  p r e l i m i n a r y  i n v e s t i g a t i o n .
F o u r th  P r e l i m i n a r y  I n v e s t i g a t i o n
The pu rpose  o f  t h i s  i n v e s t i g a t i o n  was to  o b t a i n  
a  g ro s s  t h r e s h o l d  f o r  d e t e c t i o n  o f  f re q u en cy  m o d u la t io n  
i n  two s im u l t a n e o u s l y  p r e s e n t e d  pure  t o n e s .
The f o l l o w i n g  equipm ent was u sed :  a  H e w le t t -
P ackard  Wide Range O s c i l l a t o r  Model 200 CD, a H e a t h k i t  
Model AG-1 Audio G e n e ra to r ,  a  B e l to n e  15 A Audiometer  
and W arb le tone  A d ap te r ,  an A l l i s o n  L a b o r a t o r i e s  Band 
P as s  F i l t e r  Model 2-B, a G en e ra l  Radio Vacuum Tube Fork  
No. 723-C, two Revere Model T 700D Tape R e c o r d e r s ,  a 
Bogen LOM M ixer ,  a Magnecorder PT6 Tape R e c o rd e r ,  an 
A l t e c  604-C S p e a k e r ,  and a  6SA7 Mixer C i r c u i t  t h a t  was 
d e s ig n e d  s p e c i f i c a l l y  f o r  t h i s  t e s t .
Twelve s u b j e c t s ,  s i x  male and s i x  fem a le  from 
th e  Depar tm ent  o f  Speech a t  L o u i s i a n a  S t a t e  U n i v e r s i t y ,  
were employed a s  l i s t e n e r s .
*«•**«» *€ iu a l«  u
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The f o l l o w i n g  p ro ced u re  was employed to  o b t a i n  
th e  s t i m u l i  which were used  i n  t h i s  t e s t :
1. f o u r  ty p e s  o f  s t i m u l i  were employed; th o s e  i n  
which b o th  to n e s  were w arb led ,  th o s e  i n  which n e i t h e r  
tone  was w a rb led ,  t h o s e  i n  which th e  low er  f r e q u e n c y  
to n e  was w a rb led ,  and th o se  i n  which th e  h i g h e r  f r e q u e n c y  
tone  was warbled*
2. To o b t a i n  th e  w arb le  t o n e s ,  th e  w arb led  o u t p u t  
from th e  B e l to n e  a u d io m e te r  was mixed w i th  t h a t  o f  th e  
H e w le t t - P a c k a r d  o s c i l l a t o r  i n  a  6SA7 m ixe r  c i r c u i t .
When two to n e s  a r e  mixed i n  a n o n l i n e a r  c i r c u i t  th e  
o u t p u t  c o n t a i n s ,  i n  a d d i t i o n  to  th e  o r i g i n a l  t o n e s ,  
sounds  whose f r e q u e n c i e s  a r e  the  sum o f  and th e  d i f f e r ­
ence between th e  f r e q u e n c i e s  o f  the  o r i g i n a l  t o n e s .
The d i f f e r e n c e  f re q u e n c y  produced  i n  th e  m ixer  c i r c u i t  
was e x t r a c t e d  by means o f  the  A l l i s o n  f i l t e r .  The p i t c h  
o f  t h i s  d i f f e r e n c e  tone  was c a l i b r a t e d  w i th  a  G enera l  
Radio Vacuum Tube F o rk .  The sound was th en  r e c o r d e d  on 
a Revere  ta p e  r e c o r d e r .  A ta p e  was made f o r  each o f  the  
f r e q u e n c i e s ,  750 and 1000 c p s .
5. A 750 c p s .  pu re  tone  was g e n e r a t e d  by the  
H e w le t t - P a c k a r d  o s c i l l a t o r  and a  1000 c p s .  pu re  tone  
was produced  by the  H e a t h k i t  G e n e r a to r .
4 .  To o b t a i n  s t i m u l i  i n  which b o th  to n e s  were 
w a rb le d ,  the  w arb led  s i g n a l s  p r e v i o u s l y  r e c o rd e d  were 
p l a y e d  back on the  Revere ta p e  r e c o r d e r s ,  combined i n
16
t h e  Bogen m ix e r  and r e c o r d e d  on t h e  M ag n eco rd e r .  The 
a m p l i t u d e  o f  th e  sound  f e d  i n t o  t h e  t a p e  r e c o r d e r  
d e t e r m i n e d  t h e  power o f  t h e  o u t p u t  s i g n a l  when t h e  t a p e  
was p l a y e d  b a c k .  T h i s  a m p l i t u d e  was a d j u s t e d  so  t h a t  
t h e  o u t p u t  power m atched  t h e  e q u a l  l o u d n e s s  c o n t o u r  f o r  
e a c h  f r e q u e n c y .
5.  To o b t a i n  s t i m u l i  i n  w h ich  n e i t h e r  t o n e  was 
w a r b l e d  th e  o u t p u t s  from t h e  two o s c i l l a t o r s  were com­
b i n e d  i n  the  Bogen m ix e r  and r e c o r d e d  th r o u g h  u s e  o f  th e  
M a g n ec o rd e r .  The power o f  t h e  o u t p u t  s i g n a l s  was r e g u ­
l a t e d  by t h e  a m p l i t u d e  o f  t h e  i n p u t  s i g n a l  a s  i n  s t e p  
f o u r .
6 .  To o b t a i n  th e  sa m p le s  i n  which  one to n e  o n l y  was 
w a r b l e d ,  t h e  o u t p u t  from one o f  t h e  p u re  to n e  o s c i l l a t o r s  
was combined w i t h  t h e  o u t p u t  f rom one o f  t h e  R e v e re  t a p e  
r e c o r d e r s  i n  th e  Bogen m ix e r  and  r e c o r d e d  on t h e  Magne­
c o r d e r .  The power o f  th e  o u t p u t  s i g n a l s  was r e g u l a t e d
by t h e  a m p l i t u d e  o f  th e  i n p u t  s i g n a l  a s  i n  s t e p s  f o u r  
and  f i v e .
7 .  The t a p e s  c o n t a i n i n g  th e  above t o n a l  c o m b i n a t i o n s  
were  c u t  i n t o  s e g m e n t s ,  th e  l e n g t h  o f  each  segm en t  b e i n g  
d e t e r m i n e d  by th e  d u r a t i o n  o f  t h e  s t i m u l u s  d e s i r e d :
i . e . ,  a  15 i n c h  segm ent  o f  t a p e  was c u t  f o r  a  1 .0 0  
s e c o n d  s t i m u l u s ,  a 7 i  in c h  s t r i p  f o r  a .5 0  s e co n d  
s t i m u l u s ,  e t  c e t e r a .
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The f o l l o w i n g  e x p e r i m e n t a l  p r o c e d u r e  was e m p lo y e d :
1. The t a p e  s e g m e n t s  w ere  s p l i c e d  i n t o  a  m a s t e r  t a p e
2w i t h  c u e  s t r i p s .  A one  s e c o n d  p e r i o d  o f  s i l e n c e  was 
p r o v i d e d  b e t w e e n  e a c h  c u e  an d  t h e  i n i t i a t i o n  o f  t h e  so u n d  
s t i m u l u s .  At th e  end  o f  t h e  s t i m u l u s  a  t h r e e  s e c o n d  
p e r i o d  o f  s i l e n c e  was p r o v i d e d  t o  a l l o w  t h e  s u b j e c t  t o  
r e c o r d  h i s  r e s p o n s e .
2 .  The m a s t e r  t a p e s  w ere  p r e s e n t e d  to  t h e  12 s u b ­
j e c t s  by m eans o f  t h e  M a g n e c o r d e r  and  t h e  A l t e c  s p e a k e r .
3 .  The s u b j e c t s  a p p r a i s e d  108 s a m p l e s .  Twelve 
s a m p l e s ,  t h r e e  o f  e a c h  t y p e  em p lo y ed  i n  t h e  t e s t ,  w ere  
p r e s e n t e d  a t  e a c h  o f  n i n e  s t i m u l u s  d u r a t i o n s .
4 .  The j u d g m e n t s  o f  t h e  s u b j e c t s  w e re  i n d i c a t e d  by 
t h e i r  c h e c k i n g  an  a p p r o p r i a t e  sym bol  on f o rm s  p r o v i d e d .  
The s u b j e c t s  c h e c k e d  e i t h e r  a  " B , "  i n d i c a t i n g  t h a t  b o t h  
o f  t h e  s t i m u l u s  t o n e s  w e re  w a r b l e d ,  an  " N , H i n d i c a t i n g  
n e i t h e r  o f  t h e  s t i m u l u s  t o n e s  was w a r b l e d ,  a n  " L , "  
i n d i c a t i n g  t h a t  t h e  l o w e r  o f  t h e  two s t i m u l u s  t o n e s  was 
w a r b l e d ,  an d  an  " H ,"  i n d i c a t i n g  t h a t  t h e  h i g h e r  o f  t h e  
s t i m u l u s  t o n e s  was w a r b l e d .
p
The c u e  s t r i p s  c o n t a i n e d  m a t e r i a l  w h ic h  a l e r t e d  
t h e  s u b j e c t  t o  l i s t e n  f o r  t h e  s t i m u l u s  an d  p r o v i d e d  t h e  
n u m b er  o f  t h e  b l o c k  on  t h e  a n s w e r  s h e e t  i n  w h ic h  t h e  
s u b j e c t ' s  r e s p o n s e  was t o  b e  r e c o r d e d .
^ S t r i p s  o f  b l a n k  t a p e  w e re  s p l i c e d  i n t o  t h e  
m a s t e r  f o r  t h e  p e r i o d s  o f  s i l e n c e .
18
Tabl. I I I .  TIM p* r« « a ta f. o f oorroot Ilo to ao r 
K w U f lM t lM i  or n r t l i  la  tvo-toao .OMblaa- 
I I m i  l a  tho fo a rtb  lBTOOtlcatlea.
D uratloa l a  Cm I m m o M i
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The r e s u l t s  o b t a i n e d  i n  t h i s  s tu d y  a r e  shown i n  
T ab le  I I I  and F ig u r e  5 .  The t h r e s h o l d  f o r  t h i s  t e s t  was 
s e t  a t  th e  p o i n t  a t  which 50# c o r r e c t  i d e n t i f i c a t i o n s  
were made r a t h e r  th an  75# as  in  th e  p r e v io u s  s t u d i e s .  I n  
th e  second  and t h i r d  p r e l i m i n a r y  i n v e s t i g a t i o n s  one m igh t  
make 50# c o r r e c t  answ ers  by pure  c h a n c e .  The t h r e s h o l d  
was, t h e r e f o r e ,  s e t  a t  75# c o r r e c t  i d e n t i f i c a t i o n s .
T h is  s t a n d a r d  p la c e d  the  t h r e s h o l d  w e l l  above the  number 
o f  c o r r e c t  answ ers  t h a t  m ight  be e x p e c te d  by g u e s s i n g .
I n  th e  f o u r t h  p r e l i m i n a r y  i n v e s t i g a t i o n  one would have 
o n ly  a  25# chance  o f  b e in g  r i g h t  by g u e s s i n g .  T h e r e f o r e ,  
th e  t h r e s h o l d  was s e t  a t  50# c o r r e c t  i d e n t i f i c a t i o n s  a s  
i s  common i n  t h r e s h o l d  m easurements  i n  p s y c h o - a c o u s t i c s .  
T h is  s t a n d a r d  p la c e d  the  g r o s s  t h r e s h o l d  f o r  the  p e r c e p ­
t i o n  o f  f req u en cy  m o d u la t io n  i n  two to n e s  p r e s e n t e d  
s i m u l t a n e o u s l y  i n  th e  r e g i o n  between .25  and .50  s e c .
T h is  r e g i o n ,  t h e r e f o r e ,  was i n v e s t i g a t e d  more th o ro u g h ly  
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CHAPTER I I I
PROCEDURE IN MAJOR STUDY
The pu rpose  o f  th e  m ajor  s tu d y  o f  t h i s  p r o j e c t  
was to  examine the  r e l a t i o n s h i p  between the  t h r e s h o l d  
f o r  the d e t e c t i o n  o f  f r e q u e n c y  m o d u la t io n  i n  two to n e s  
and th e  i n t e r v a l  between the  to n e s .  T h is  s tu d y  was 
d i v i d e d  i n t o  two p a r t s .  The f i r s t  p a r t ,  Exper im en t  I ,  
was s t r u c t u r e d  i n  te rms o f  p h y s i c a l  u n i t s ,  c y c l e s  p e r  
second and o c t a v e s .  E xper im en t  I I ,  th e  second  p a r t  o f  
th e  s t u d y ,  examined the  o b t a i n e d  d a t a  i n  te rms o f  
p s y c h o l o g i c a l  u n i t s ,  m e ls .
The f o l l o w i n g  equipm ent  was employed f o r  bo th  
e x p e r im e n ts  i n  the  f i n a l  s t u d y :  two H e w le t t -P a c k a rd
Wide Range O s c i l l a t o r s  Model 200 CD, an A l l i s o n  
L a b o r a t o r i e s  Band P ass  F i l t e r  Model 2-B, a  G enera l  
Radio Vacuum Tube Fork  No. 723-C, two Magnecorder  PT6 
ta p e  r e c o r d e r s ,  a  C o l l i n s  Model 12Z Remote A m p l i f i e r ,  
an A l t e c  604-C S p eak e r ,  an Ampex Model 401 Tape R e c o rd e r ,  
and a  c i r c u i t  ( F ig u re  6) d e s ig n e d  e s p e c i a l l y  f o r  t h i s  
s t u d y .
The s p e c i a l  c i r c u i t  was d e s ig n e d  to  g e n e r a t e  a 
t o n e ,  f req u en cy  m odu la te  i t ,  and b e a t  i t  w i th  a v a r i a b l e
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Figure 6. A lo h m tlo  diagraa of 





f re q u en cy  to n e  in t r o d u c e d  e x t e r n a l l y .  T h is  a r r a n g e m e n t  
p e r m i t t e d  v a r i a t i o n  i n  th e  f r e q u e n c y  o f  th e  w arb led  tone  
by v a r y i n g  th e  f r e q u e n c y  o f  th e  e x t e r n a l l y  i n t r o d u c e d  
s i g n a l .  I n  the  c i r c u i t ,  an R-C o s c i l l a t o r  was lo a d ed  i n  
i t s  t a n k  c i r c u i t  w i th  a r e a c t a n c e  tube  which m odu la ted  
the  f r e q u e n c y  o f  th e  o s c i l l a t o r  i n  a c c o rd a n c e  w i th  a 
v o l t a g e  on th e  g r i d  o f  th e  r e a c t a n c e  tu b e  i n  a  manner 
s i m i l a r  to t h a t  employed by commercial  FM t r a n s m i t t e r s .  
The f r e q u e n c y  o f  the  w arb le  was d e te rm in ed  by th e  f r e ­
quency o f  t h e  s i g n a l  from th e  e x t e r n a l  o s c i l l a t o r  and 
the  p e r c e n t a g e  o f  the  m o d u la t io n  was g o verned  by i t s  
a m p l i t u d e .  A lso ,  i n c lu d e d  i n  th e  c i r c u i t  were a  h i g h -  
pass  f i l t e r ,  c u t t i n g  o f f  a t  150 c y c l e s  p e r  se co n d ;  one 
s t a g e  o f  a m p l i f i c a t i o n ;  and a c a th o d e  f o l l o w e r  to more 
c l o s e l y  match the  impedance o f  th e  A l l i s o n  f i l t e r .
Three l o w -p a s s  f i l t e r s ,  a t  1000, 4000, and 6000 c p s . ,  
were d e s ig n e d  f o r  t h i s  p r o j e c t  to  p ro v id e  a s h a r p e r  c u t  
o f f  o f  th e  h i g h e r  f r e q u e n c i e s  th a n  was p o s s i b l e  w i th  th e  
A l l i s o n  f i l t e r  a l o n e .  These f i l t e r s  made i t  p o s s i b l e  to 
o b t a i n  a s i g n a l  w i th  low d i s t o r t i o n .
E x p e r im e n t  I :  The p u rp o se  of  t h i s  ex p e r im e n t  was to
examine th e  r e l a t i o n s h i p  between  the  t h r e s h o l d  f o r  the  
d e t e c t i o n  o f  f r e q u e n c y  m o d u la t io n  i n  two to n e s  and th e  
i n t e r v a l  be tw een  th o s e  to n e s  when th e  i n t e r v a l  i s  
m easured  i n  p h y s i c a l  u n i t s ,  i . e . ,  c y c l e s  p e r  second  and 
o c t a v e s .
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T his  ex p e r im e n t  employed 60 s u b j e c t s ,  13 m ales  
and  45 f e m a le s .  F o r ty - tw o  o f  the  group  o f  s u b j e c t s  were 
f rom th e  sp eech  d e p a r tm e n t  and 18 were from th e  m usic  
d e p a r tm e n t  o f  L o u i s i a n a  S t a t e  U n i v e r s i t y .  The 18 s u b ­
j e c t s  from th e  m usic  d ep a r tm en t  were i n c l u d e d  i n  t h i s  
e x p e r im e n t  to  d e te rm in e  how " t r a i n e d  m u s i c i a n s "  would 
r e a c t  to  t h i s  t e s t .  A l l  s u b j e c t s  a p p r a i s e d  the  sam ples  
i n  th e  same room employed i n  the  p r e v io u s  i n v e s t i g a t i o n s .
The t h r e s h o l d s  f o r  the  f i r s t  ex p e r im en t  were 
o b t a i n e d  i n  th e  f o l l o w i n g  manner:
1. T w e n ty -e ig h t  tw o - to n e  c o m b in a t io n s  were employed 
i n  t h i s  e x p e r im e n t .  These co m b in a t io n s  were a r r a n g e d  
i n t o  two o r d e r s  o f  p r e s e n t a t i o n .  The two seq u en ces  were 
d i f f e r e n t  i n  t h e i r  o r d e r  o f  p r e s e n t i n g  th e  s t i m u lu s  
c o m b in a t io n s .  Program I (Tab le  IV) s t a r t e d  w i th  th e  
to n e  co m b in a t io n s  a t  the  low er  end o f  th e  f re q u en cy  
r an g e  and moved up to  th e  co m b in a t io n s  which were h i g h e s t  
i n  f r e q u e n c y .  Program I I  (Tab le  V) s t a r t e d  w i th  t h e  h ig h  
f r e q u e n c y  co m b in a t io n s  and ended w i th  th o s e  to n e  combina­
t i o n s  which were lo w e s t  i n  f r e q u e n c y .  T h is  a r r a n g e m e n t  
was employed to  a v o id  any b i a s  t h a t  th e  sequence  o f  
p r e s e n t a t i o n  would l e n d  to  th e  f i n a l  r e s u l t s .
1 T ra in e d  m u s i c i a n s  were d e f i n e d  as  h a v in g  
com ple ted  a t  l e a s t  f o u r  y e a r s  o f  m u s i c a l  t r a i n i n g  on 
a  c o l l e g i a t e  l e v e l .
Table  IV. The f re q u e n c y  co m b in a t io n s  





1 .  250— 500
2. 250-------- 750
3 .  250--------------1000
4 . 250 2000
5 . 250 3000
6 .  250 4000
7 .  250 6000
8 .  500— 750
9.  500-------- 1000
10.  500 2000
1 1 . 500 3000
12. 500------------------------------4000
13.  500 6000



















T able  V. The f re q u e n c y  co m b in a t io n s  
employed i n  Program I I  o f  E xper im en t  I .
1 .  6000— 4000
2 .  6000 3000
3 .  6000------------------2000
4 .  6000-------------------------1000
5. 6000--------------------------------750
6 .  6000 500
7 .  6000------------------------------------------ 250
8 .  4000— 3000
9 .  4000---------- 2000
1 0 . 4000------- — 1000
1 1 .  4000------------------------ 750
1 2 .  4000 500
1 3 . 4000 250
15 .  3000---------- 1000
1 6 .  3000----------------- 750
17. 5000-----------------------500
18. 3000 250
19 .  2000— 1000
20. 2000---------- 750
21. 2000----------------500








2. Each program was d iv id e d  i n  h a l f  w i th  14 t o n a l  
c o m b in a t io n s  to each t a p e ,  A and B. On each  t a p e  t h e r e  
were 126 sa m p les ,  n i n e  s t i m u lu s  d u r a t i o n s  f o r  ea ch  o f  th e  
14 com bina t ions*  The s t i m u l u s  d u r a t i o n s  i n  t h i s  s tu d y  
were the  same a s  th o s e  employed i n  th e  t h i r d  p r e l i m i n a r y  
i n v e s t i g a t i o n .
3* The w arb led  to n e s  f o r  t h i s  ex p e r im en t  were 
o b t a i n e d  i n  th e  same manner a s  t h o s e  f o r  th e  f o u r t h  
p r e l i m i n a r y  i n v e s t i g a t i o n .
4 .  These w arb led  t a p e s  were p la y e d  back on an Ampex 
ta p e  r e c o r d e r  and one o f  the  M agneco rders ,  mixed w i th  th e  
o t h e r  w arb led  s i g n a l  o r  w ith  a  p u re  tone  i n  th e  C o l l i n s  
rem ote  a m p l i f i e r ,  and r e c o rd e d  on th e  o t h e r  Magnecorder  
t o  p ro v id e  th e  s t i m u l i  t a p e s .
3. These t a p e s  were cu t  i n t o  s t i m u l i  segm ents  and 
s p l i c e d  i n t o  the  t e s t  t a p e s  i n  th e  same manner a s  th e y  
were i n  the f o u r t h  p r e l i m i n a r y  i n v e s t i g a t i o n .
6. Each o f  th e  n in e  s t i m u l u s  d u r a t i o n s  f o r  a g iv e n  
to n e  com bina t ion  was p reced ed  by a s i x  second sample o f  
t h e  two to n e s  which were to be employed i n  t h a t  combina­
t i o n .  This  s t i m u l u s  a l e r t e d  th e  s u b j e c t  to l i s t e n  f o r  
th e  two to n e s  i n  the  p r e l i m i n a r y  s t i m u l u s .
7 .  Each tape  r e q u i r e d  15 m in u te s  f o r  p r e s e n t a t i o n .  
The two ta p e s  in  a s e q u en ce ,  p lu s  i n t r o d u c t o r y  m a t e r i a l  
which p re p a re d  the  s u b j e c t  to  t a k e  the  t e s t ,  r e q u i r e d  
40 m in u te s  to be p r e s e n t e d .
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8.  Each program was p r e s e n t e d  to  30 o f  th e  60 
s u b j e c t s .  T h e r e f o r e ,  each  s u b j e c t  a p p r a i s e d  a l l  o f  the  
c o m b in a t io n s  a t  a l l  o f  th e  s t i m u l u s  d u r a t i o n s  b u t  i n  
o n ly  one o r d e r  o f  p r e s e n t a t i o n .  Each se q u en ce  was 
a p p r a i s e d  by h a l f  o f  the  group o f  s u b j e c t s .
9. The judgm ents  o f  the  s u b j e c t s  were r e c o rd e d  in  
t h e  same manner a s  i n  the  f o u r t h  p r e l i m i n a r y  s t u d y .
Exper im en t  I I ;  The purpose  o f  t h i s  ex p e r im en t  was 
to  examine the  r e l a t i o n s h i p  between  th e  t h r e s h o l d  f o r  
t h e  d e t e c t i o n  o f  f r e q u e n c y  m o d u la t io n  i n  two to n e s  and 
th e  i n t e r v a l  be tween th o s e  to n e s  when the  i n t e r v a l  i s  
m easured  i n  p s y c h o l o g i c a l  u n i t s ,  i . e . ,  m e ls .
The equipm ent  employed i n  t h i s  ex p e r im e n t  was 
th e  same a s  t h a t  employed f o r  E xper im en t  I e x c e p t  t h a t  
a G a tes  S tu d io  c o n s o l e  was used  i n s t e a d  o f  the  C o l l i n s  
rem ote  a m p l i f i e r  and the  s p e c i a l  c i r c u i t  d e s ig n e d  f o r  
t h i s  p r o j e c t  was m o d i f ie d  s l i g h t l y .  N in e ty  s u b j e c t s ,
22 m a les  and 68 f em a le s  from the  d ep a r tm e n t  o f  s p e e c h f 
were employed in  t h i s  e x p e r im e n t .  T h i r t y  s u b j e c t s  
a p p r a i s e d  each o f  th e  t h r e e  se q u en ce s  shown in  T ab le  VI.
The t h r e s h o l d s  f o r  t h i s  ex p e r im en t  were o b t a i n e d  
i n  the  f o l l o w i n g  manner:
1. Nine tw o - to n e  co m b in a t io n s  were employed i n  t h i s  
e x p e r i m e n t .  These n i n e  co m b in a t io n s  were d iv id e d  i n t o  
t h r e e  i n t e r v a l s ;  t h o s e  i n  which th e  h i g h e r  p i t c h  was two 
t im e s  a s  h ig h  a s  th e  low er  p i t c h ,  i . e . ,  400 to  200 m e ls ,
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Tabl* ¥1. Tha tan* o«ablnatl*aa, la  m l N  M r 
*••**< aad M il)  vhieh vara a a y lifM  la  Bxpcrl-
aant XI.
Tap* A -l 800—400 M il 890—490 ape.
900-1000 M ia 
90^1000 a w .
1900-9000 M ia 
1900-1000 aaa.
Tap* A-2 800-1000 M ia 890-1000 «m .
400-8000 M ia 
490-8900 n e .
*00-9000 M ia 
<90-4000 apa.
Tap* A-9 800-8000 M ia 890-8900 ape.
890-8900 M ia 
279-9000 ape.
900-9000 M ia 
990-4000 *pa.
i m aaa i 1
Tap* B -l 400-8000 M ia  490-8900 apa.
•00-9000 h I i  
<90-4000 *pa.
800-1000 M le  
890-1000 *pa.
Tap* B-2 290-8900 M ia  279-9000 apa.
900-9000 M ia  
990-4000 *pa.
800-8000 M l*  
290-8900 *pa.
Tap* B-9 900-1000 M ia  900-1000 *pa.
1900-9000 M ia  
1900-4000 *p*.
200.-400 M ia  
290—490 *pa.
Saqaaaaa C
Tap* C -l 900-9000 M l*  390-4000 apa.
200-2000 M l*  
290-2900 *pa.
890-8900 M ia  
279-9000 *pa.
Tap* C-2 1900-9000 M ia  1900-4000 ope.
20(^-400 M ia  
290—490 *pa.
900-1000 M ia  
900-1000 *pa.
Tap* C-3 <00-3000 M l*  690-4000 apa.
200-1000 M ia  
890-1000 opa.
400-8000 M ia  
490-8900 apa.
t h o s e  i n  which the  h i g h e r  p i t c h  was f i v e  t im es  as  h igh  
a s  th e  low er  p i t c h ,  and th o s e  i n  which i t  was te n  t im es 
a s  h ig h .  The v a l u e s  i n  m els  were c o n v e r t e d  i n t o  c y c l e s  
p e r  second by i n t e r p o l a t i o n  from d a t a  g iv e n  by S te v e n s ,  
Volkmann, and Newman ( 8 ) .
2 .  Each c o m b in a t io n  o f  f r e q u e n c i e s  employed in  t h i s  
ex p e r im e n t  was p r e s e n t e d  40 t im e s ,  4 t im es  a t  each o f  t e n  
d u r a t i o n s :  1 .5 0 ,  1 .0 0 ,  .75» .5 0 ,  ,40 ,  .35* .3 0 ,  . 25 , .20 
and .15  s e c o n d s .
3. There were t h r e e  o r d e r s  o f  p r e s e n t a t i o n ;  A, B, 
and C in  T ab le  VI.  T h is  a r ran g em en t  a l lo w ed  each
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i n t e r v a l  to be p r e s e n t e d  i n  th e  i n i t i a l ,  m ed ia l  and f i n a l  
p o s i t i o n s .  W ith in  each sequence  i n  t h i s  ex p e r im en t  t h e r e  
were t h r e e  s e c t i o n s ,  each o f  which c o n t a in e d  t h r e e  combi­
n a t i o n s  b u t  on ly  one i n t e r v a l .
4 .  The t e s t  t a p e s  were o b t a in e d  and p r e s e n t e d  i n  th e  
same manner a s  in  E xper im en t  I .
5 .  There were n in e  t a p e s  i n  t h i s  e x p e r im e n t .  Three  
were r e q u i r e d  f o r  each o r d e r  o f  p r e s e n t a t i o n ,  one f o r  
ea ch  s e c t i o n .  The t h r e e  ta p e s  and the  i n t r o d u c t o r y  
m a t e r i a l  i n  a  sequence  r e q u i r e d  45 m in u te s  f o r  p r e s e n t a ­
t i o n .
6 .  The s u b j e c t s  r e c o r d e d  t h e i r  answers  as  they  d id  
i n  E xper im en t  I o f  the  m ajor  s t u d y .
CHAPTER IV
RESULTS
T ab le s  VII and V II I  show the  t h r e s h o l d s  o b t a i n e d  
from E xper im en t  I  o f  the  m a jo r  s tu d y  o f  t h i s  p r o j e c t .  
Both t a b l e s  t r e a t  th e  same d a t a .  Table  VII c o n t a i n s  the  
t h r e s h o l d s  o b t a i n e d  when the  i n t e r v a l  between the  to n e s  
was e x p r e s s e d  i n  o c t a v e s .  T ab le  V II I  c o n t a i n s  the  
t h r e s h o l d s  o b t a i n e d  when t h e s e  i n t e r v a l s  were measured 
i n  c y c l e s  p e r  se co n d .  The t h r e e  columns r e s p e c t i v e l y
Table T i l .  The threshold* obtained la  
Bxporlnent I when the Interval* wore 
measured In octave rela tio n sh ip s.
T h resh o ld  in  Second*
A ll S u b je c ts Music D ept. Speech Dept.
.33 .35 .35 .2 5
. 50 .35 .20 .3 5
1 .00 .35 .15 .20
1 . 5 0 .25 .20 .20
1 .66 .30 .25 .30
2 .00 .25 .15 .2 5
2 .33 .30 .35 .20
2 .50 .35 .30 .20
3 .00 .20 .2 5 .15
3 .50 .25 .15 .2 5
4 .0 0 .15 .15 .15
4 .5 0 .20 .20 .35
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31
t i l l *  T i l l ,  f t *  tb r t ih tM i o k ttlM d  fr e a  
■ iperlaeat I nhea U « i a t i m l i  war* 
■ soared la  apolea par seeaad.
Interval Threshold in Secondsin Cpa. All Subjects nusic Dept. speech
250 .30 .15 .W
500 .25 .50 .20
750 .25 .25 .25
1000 .35 .15 .15
1250 .30 .25 .30
1500 .15 .15 .15
1750 .20 .25 .20
2000 .20 .2 0 .20
2250 .15 .15 .15
2900 .45 .35 .45
3000 .30 .30 .30
3250 .30 .35 .30
3500 .15 .35 .15
3750 .15 .15 .15
4000 .30 .15 .25
5000 .15 .15 .15
5290 .20 .25 .15
5500 .25 .40 .25
5T50 .35 .2 0 .35
show the  r e s u l t s  o b ta in e d  from th e  g roups  from the  
sp eech  and music  d e p a r tm e n ts  and th o se  from the  e n t i r e  
g ro u p .
The Spearman Rho was employed to  d e te rm in e  
w he the r  t h e r e  was any c o r r e l a t i o n  between th e  t h r e s h o l d  
and th e  i n t e r v a l  between th e  two sounds from which each 
t h r e s h o l d  was o b t a i n e d .  When th e  deg ree  o f  s e p a r a t i o n  
between the  to n e s  was m easured  in  c y c l e s  p e r  second the
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R h o 'a  were .0 0  f o r  th e  m usic  d e p a r tm e n t  g r o u p ,  .03  f o r  
th e  sp e ech  d e p a r tm en t  g r o u p ,  and .02  f o r  th e  e n t i r e  g roup  
o f  s u b j e c t s .  These c o r r e l a t i o n s  a r e  n o t  s i g n i f i c a n t  a t  
t h e  .03  l e v e l  o f  c o n f i d e n c e .
On the  b a s i s  o f  t h e s e  d a t a  h y p o t h e s i s  1, There  
i s  no s i g n i f i c a n t  r e l a t i o n s h i p  be tw een  th e  te m p o ra l  
t h r e s h o l d s  f o r  th e  d e t e c t i o n  o f  f r e q u e n c y  m o d u la t io n  
i n  tw o - to n e  co m b in a t io n s  and the  d eg ree  o f  s e p a r a t i o n  
between  th e  to n e s  on th e  f r e q u e n c y  sp e c t ru m  when the  
d e g re e  o f  s e p a r a t i o n  i s  e x p r e s s e d  i n  c y c l e s  p e r  s e c o n d , 
i s  n o t  r e j e c t e d .
R h o 's  were computed from the  d a t a  i n  T ab le  V II .  
These a r e  th e  t h r e s h o l d s  o b t a in e d  when th e  i n t e r v a l  
be tween  the  sounds was a r r a n g e d  a c c o r d i n g  to  o c t a v e  
r e l a t i o n s h i p s .  The R h o 's  were .20  f o r  th e  m usic  d e p a r t ­
ment g ro u p ,  .19 f o r  th e  speech  d e p a r tm e n t  g ro u p ,  and .09 
f o r  a l l  o f  th e  s u b j e c t s .  These c o r r e l a t i o n s  a r e  n o t  
s i g n i f i c a n t  a t  th e  .05  l e v e l  o f  c o n f i d e n c e .
These d a t a  i n d i c a t e  t h a t  we may n o t  r e j e c t  
h y p o t h e s i s  2, There i s  no s i g n i f i c a n t  r e l a t i o n s h i p  
be tw een  th e  tem p o ra l  t h r e s h o l d s  f o r  the  d e t e c t i o n  o f  
f r e q u e n c y  m o d u la t io n  i n  tw o - to n e  c o m b in a t io n s  and the  
d e g re e  o f  s e p a r a t i o n  between  the  to n e s  on th e  f r e q u e n c y
sp e c t ru m  when the  d eg ree  o f  s e p a r a t l  
o c t a v e  r e l a t i o n s h i p s .
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T ab le  IX shows th e  manner i n  which each ty p e  o f  
s t i m u l u s  was m is se d .  P e r c e n t a g e s  o f  i n c o r r e c t  i d e n t i f i ­
c a t i o n s  a r e  g iv e n  f o r  th e  e n t i r e  g roup  and f o r  t h e  speech  
and m usic  g ro u p s  s e p a r a t e l y .  The type  o f  s t i m u l u s  g iv e n  
to  th e  s u b j e c t s  i s  d i s p l a y e d  h o r i z o n t a l l y ,  and th e  manner 
i n  which th e  s t i m u l u s  was i d e n t i f i e d  i s  d i s p l a y e d  
v e r t i c a l l y .  The ty p e s  o f  i n c o r r e c t  s t i m u l u s  i d e n t i f i ­
c a t i o n  a r e  v e ry  s i m i l a r  f o r  the  t h r e e  g r o u p in g s .
Tahle IX. The percentage of each type o f atlaulus that 
»m  Biased and tha aannar la  which aaeh Biased aoond 
waa ld an tiflad .
TTFE OX STIMULUS Q M i
Both Tonaa 
Warhlad Nalthar Toaa Warhlad Higher Tons Warhlad Lowsr Toaa Warhlad
Oroup # Mlasad Oroup # Mlsaad Oroup # Mlasad Oroup F Mlssad
6KH
m Spaach 3* Spaaoh IS* Spaaoh 18*
o iH |H
2?J5*
Mualc 3* Music 20* Music 20*
i All 3* All 18* All 18*H




Mualc 11* Mualc 21* Music 11*
e All 14* All 24* All 16*
H § Spaach 13* Spaach 7* Spaach 21*s
B
H ̂  
•f Mualc 16* Mualc 4* Music 12*ft
mM fts All 21* All 6* All 19*
f
•
8-r, Spaach 25% Spaach 6* Spaach 16*h aH»•«
1*
Music 25% Music 4* Music 13*
& All 25% All 5% All 15*
Spaach 64* Spaach 16* Spaach 61* Spaaoh 58*
Tftal Muslo 52* Music U * Music 54* Muslo 43*
All 60* All 14* All 57* All 53*
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A cco rd in g  to th e  d a t a  i n  t h i s  t a b l e  th o s e  sam ples  i n  
which n e i t h e r  tone  was w arb led  had a s m a l l e r  p e r c e n ta g e  
o f  i n c o r r e c t  l i s t e n e r  r e s p o n s e s  than  the  o t h e r  t h r e e  
ty p e s  o f  s t i m u l i .
F i g u r e  7 r e p r e s e n t s  g r a p h i c a l l y  th e  d a t a  o b t a i n e d  
i n  E x p er im en t  I I  o f  th e  m a jo r  s t u d y .  I t  p l o t s  the  p e r ­
c e n ta g e  o f  c o r r e c t  l i s t e n e r  i d e n t i f i c a t i o n s  a t  each 
s t i m u lu s  d u r a t i o n  employed i n  t h i s  e x p e r im e n t .  The 
t h r e s h o l d  was s e t  a t  t h a t  sound d u r a t i o n  a t  which 50# o f  
th e  answ ers  were c o r r e c t .  The t h r e s h o l d  was .50  s e c o n d s .
f t i a n  7 . Th* p . r o M U |i  o f  o o r r . . t  ( t l m -  lua limllflNllmi at «*eh atiwlua duration
1> h f W l M l  II*
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Duration of . I tn u lu . In m ntM .oond*.
T ab le  X shows the  manner i n  which th e  s t i m u l i  
were m issed  i n  Exper im en t  I I .  These r e s u l t s  fo l lo w  the  
t r e n d s  s e t  i n  th e  e a r l i e r  e x p e r im e n t s .
T ab le  XI shows th e  t h r e s h o l d s  t h a t  were u sed  to 
d e te rm in e  the  c o r r e l a t i o n  be tween  the  i n t e r v a l s  and the  
t h r e s h o l d s  o b t a in e d  a t  th o s e  i n t e r v a l s .  A Spearman Rho 
was employed f o r  t h i s  p u rp o se .  The Rho i s  . 8 8 .  Th is  
v a l u e  i s  s i g n i f i c a n t  a t  beyond the  .01 l e v e l  o f  c o n f i ­
dence w i th  n in e  d e g re e s  o f  f reedom.
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Tabl* I .  Th* Manor 1* ohloh tha a t lM l l  *«n  
■ lu M  la  I q i r l i M l  I I .
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On the  b a s i s  o f  t h e s e  f i n d i n g s  h y p o t h e s i s  3,
There i s  no s i g n i f i c a n t  r e l a t i o n s h i p  between the  tem p o ra l  
t h r e s h o l d s  f o r  th e  d e t e c t i o n  o f  f r e q u e n c y  m o d u la t io n  i n  
tw o - to n e  co m b in a t io n s  and the d e g ree  o f  s e p a r a t i o n  be tw een  
th e  to n e s  on th e  f r e q u e n c y  spec t rum  when the  d e g ree  o f  
s e p a r a t i o n  i s  e x p re s s e d  i n  mel r e l a t i o n s h i p s , i s  r e j e c t e d .
I U 1.  z l .  Th* thraaholo* o b ta in *  la  
■ ip .r la .a l  I I  ■
Hlahar p lto h  
2 t i n *  aa
h lfh  aa th* 
looar p itc h .
Hlahar p itoh  
5 tlM * aa
hlfh aa th* 
'lo w r  p lto h .
Hlfhor pltoh 
10 tlM * aa
hlfh  aa th*
; looor p ltoh .
Botoaaoa A 1,00 aae. ■ .75 ***. 1 .40 M«.i_. . , - - ...
■ofiiaaoa B .75 00*. I .50 aao.
" ■
; .90 eec.
Saqoaaoa C .75 aao. I  ,75 aao. |  *90 Ke*
CHAPTER V
DISCUSSION AND CONCLUSIONS
The d a t a  o b t a i n e d  In  t h i s  r e s e a r c h  p r o j e c t  
d e m o n s t r a te  t h a t  th e  tem pora l  t h r e s h o l d  f o r  the  p e r c e p ­
t i o n  o f  f r e q u e n c y  m o d u la t io n  i3  low er  f o r  a  s i n g l e  pure 
tone  than  i t  i s  f o r  two to n e s  a d m i n i s t e r e d  s i m u l t a n e o u s l y .  
Th is  was t r u e  i n  th e  s t u d i e s  which e s t a b l i s h e d  th e  g r o s s  
t h r e s h o l d s  a s  w e l l  as  th o se  which d e te rm in e d  th e  more 
e x a c t  v a l u e s .  Th is  phenomenon may be e x p l a i n e d  i n  
s e v e r a l  ways. I t  may be a  r e s u l t  o f  th e  n o n l i n e a r i t y  
o f  th e  e a r .  S in c e  the  c h a r a c t e r i s t i c  curve^ o f  th e  human 
h e a r i n g  mechanism i s  n o n l i n e a r  u n d e r  th e s e  e x p e r i m e n ta l
c o n d i t i o n s ,  i t  i s  s u b j e c t  to  i n t e r m o d u l a t i o n  d i s t o r t i o n
2
when s t i m u l a t e d  by more than  one to n e .  T h is  d i s t o r t i o n  
c r e a t e s  s p u r i o u s  sounds which tend  to mask th e  o r i g i n a l  
s i g n a l s .  A cc o rd in g  to r e p o r t s  o f  many o f  th e  l i s t e n e r s ,  
t h i s  masking by s p u r io u s  o v e r t o n e s  makes p e r c e p t i o n  o f
^A c h a r a c t e r i s t i c  cu rve  i s  a  g r a p h i c  r e p r e s e n t a ­
t i o n  o f  the  f i d e l i t y  w i th  which a  t r a n s m i s s i o n  sys tem  
r e p ro d u c e s  a  s t i m u l u s  p a s s in g  th rough  i t .
^ I n t e r m o d u l a t i o n  d i s t o r t i o n  i s  b ro u g h t  ab o u t  
by two to n es  r e a c t i n g  w i th  each o t h e r  to  p roduce  
a d d i t i o n a l  t o n e s .
36
37
th e  d e s i r e d  s i g n a l  more d i f f i c u l t  and c o u ld  i n  t h i s  way 
e l e v a t e  th e  t h r e s h o l d s  f o r  two to n es  a d m i n i s t e r e d  
s i m u l t a n e o u s l y .  I n t e r m o d u l a t i o n  d i s t o r t i o n  i s  an i n h e r e n t  
c h a r a c t e r i s t i c  o f  th e  human e a r  under  t h e s e  e x p e r i m e n ta l  
c o n d i t i o n s  and ,  t h e r e f o r e ,  co u ld  n o t  be e l i m i n a t e d  in  
t h i s  e x p e r im e n t .
Th'1 h ig h e r  t h r e s h o l d  o b ta in e d  f o r  two to n e s  
p r e s e n t e d  t o g e t h e r  may be e x p l a in e d  in  a n o t h e r  way. The 
r e s p o n s e s  a sked  f o r  in  the  s t u d i e s  which eraoloyed two 
s im u l t a n e o u s  tones  r e q u i r e d  two judgments t h a t  were n o t  
n e c e s s a r y  i n  the  i n v e s t i g a t i o n s  which used  a  s i n g l e  to n e .  
I n  the  o n e - to n e  s t u d i e s  tine on ly  judgment r e q u i r e d  o f  the 
s u b j e c t  was t h a t  o f  the  p r e s e n c e  o r  absence  o f  w a rb le .
When two to n e s  were employed, two a d d i t i o n a l  d e c i s i o n s  
were demanded. The s u b j e c t  was r e q u i r e d  to  d e te rm in e  
n o t  on ly  i f  w arb le  was p r e s e n t  b u t  a l s o :  (1 )  w h e th e r  th e
w arb le  was i n  one o r  two o f  the  f r e q u e n c i e s ,  and ( 2 ) i f  
on ly  one tone  was m od u la ted ,  a judgment was r e q u i r e d  as  
to  w h e th e r  the  h ig h e r  o r  low er  o f  the  two sounds  was 
w a rb le d .  I f  i t  may be assumed t h a t  t h e s e  a d d i t i o n a l  
judgments  r e q u i r e d  a d d i t i o n a l  t im e ,  and i f  t h i s  t ime can 
be measured i n  t h i s  type o f  s t u d y ,  t h e s e  a d d i t i o n a l  
judgments  may h e lp  to e x p l a i n  th e  d i f f e r e n c e  between th e  
t h r e s h o l d s  o b t a i n e d  f o r  the  one and th e  tw o - to n e  s t i m u l i .
A t h i r d  and p robab ly  l e s s  s i g n i f i c a n t  f a c t o r  
c o n t r i b u t i n g  to  the  h i g h e r  t h r e s h o l d  o b t a i n e d  f o r  two
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t o n e s  i s  w h a t  m i g h t  be  t e r m e d  " m a s k i n g  by  u n c e r t a i n t y  
a b o u t  t h e  p i t c h  o f  t h e  s t i m u l u s . "  G re e n  ( 2 )  f o u n d  t h a t  
t h e  t h r e s h o l d  f o r  d e t e c t i o n  o f  a  p u r e  t o n e  i n  n o i s e  when 
t h e  s u b j e c t  was n o t  c e r t a i n  a t  w h ic h  o f  two p i t c h e s  t h e  
s o u n d  w ou ld  be  g i v e n  was h i g h e r  t h a n  was t h e  t h r e s h o l d  
when t h e  s u b j e c t  knew t h e  p i t c h  o f  t h e  t o n e  t h a t  was t o  
b e  p e r c e i v e d .  I n  t h e  s t u d i e s  o f  t h i s  p r o j e c t  w h i c h  
r e q u i r e d  t h e  p e r c e p t i o n  o f  f r e q u e n c y  m o d u l a t i o n  i n  a  
s i n g l e  f r e q u e n c y ,  t h e  s u b j e c t  a l w a y s  knew w h a t  t h e  p i t c h  
o f  t h e  t o n e  w o u ld  b e  an d  c o u l d  b e  p r e p a r e d  to  l i s t e n '  f o r  
w a r b l e  a t  t h a t  p i t c h .  I n  t h e  s t u d i e s  w h ic h  c a l l e d  f o r  
t h e  p e r c e p t i o n  o f  f r e q u e n c y  m o d u l a t i o n  i n  two t o n e s  
t h e r e  was a l w a y s  u n c e r t a i n t y  a b o u t  w h ic h  o f  t h e  two t o n e s  
was t o  be  w a r b l e d .  T h i s  u n c e r t a i n t y  c o u l d  h a v e  e l e v a t e d  
t h e  t h r e s h o l d  h e r e  a s  i t  d i d  i n  t h e  G r e e n  s t u d y .
A n o t h e r  p h en om enon  o b s e r v e d  i n  t h i s  r e s e a r c h  
p r o j e c t  i s  t h e  g r e a t e r  d i f f i c u l t y  e x p e r i e n c e d  by 
l i s t e n e r s  i n  p e r c e i v i n g  w a r b l e  i n  t h e  h i g h e r  a s  c o m p a r e d  
to  t h e  l o w e r  f r e q u e n c i e s .  F i g u r e  8 sh o w s  g r a p h i c a l l y  
how t h e  t h r e s h o l d  f o r  d e t e c t i o n  o f  f r e q u e n c y  m o d u l a t i o n  
i n  p u r e  t o n e s  b ecam e g r e a t e r  a s  t h e  f r e q u e n c y  o f  t h e  
t o n e s  b e i n g  p r e s e n t e d  was r a i s e d .
A p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  phenom enon  i s  
f o u n d  i n  R a m s d e l l ’ s  s t u d y  ( 4 ) .  He s t a t e s  t h a t  a s  t h e  
f r e q u e n c y  o f  m o d u l a t i o n  o f  a  p u r e  t o n e  was g r a d u a l l y  
r a i s e d  a  m o d u l a t i o n  r a t e  was r e a c h e d  a t  w h ich  t n e  w a r b l e
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was no l o n g e r  p e r c e i v e d  by th e  s u b j e c t s  a t  any f r e q u e n c y  
o r  a t  any i n t e n s i t y .  R am sde l l  (4 )  a l s o  found  t h a t  a s  th e  
m o d u l a t i o n  r a t e  was i n c r e a s e d  i t  became more d i f f i c u l t  
f o r  s u b j e c t s  to  p e r c e i v e  w a rb le  i n  t h e  h i g h e r  f r e q u e n c y
t
so u n d s  th a n  i t  was f o r  th e  lo w e r  f r e q u e n c y  s o u n d s .  
A c c o rd in g  to  t h e s e  f i n d i n g s ,  i t  c o u ld  be a n t i c i p a t e d  
t h a t  a  h ig h  f r e q u e n c y  sound m o d u la te d  a t  a  h ig h  r a t e ,
6 . 5  c p s . ,  would p r e s e n t  d i f f i c u l t i e s  to  a  s u b j e c t  t r y i n g  
to  p e r c e i v e  w a rb le  i n  th e  s t i m u l u s .
Many o f  th e  s u b j e c t s  p a r t i c i p a t i n g  i n  t h i s  
r e s e a r c h  p r o j e c t  r e p o r t e d  a n o t h e r  phenomenon which te n d ed  
to  c o r r e l a t e  a  h i g h e r  t h r e s h o l d  w i t h  a  h i g h e r  p i t c h .
They r e p o r t e d  a  " r o u g h n e s s "  i n  some o f  th e  h i g h e r  f r e ­
quency  s t i m u l i  which  te n d e d  to  e l e v a t e  th e  t h r e s h o l d s  
o f  t h e s e  s o u n d s .  T h is  phenomenon was e s p e c i a l l y  e v i d e n t  
i n  t h e  6000 and 3000 c o s .  t o n e s .  Some o f  th e  s u b j e c t s  
e x p e r i e n c e d  d i f f i c u l t y  i n  p e r c e i v i n g  w arb le  i n  t h e  
p r e s e n c e  o f  th e  m ask ing  cau sed  by t h i s  " r o u g h n e s s . "
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This  d i s t u r b a n c e  i n  the  s t i m u l i  seems to  be the  r e s u l t  
o f  f l u t t e r  i n  the  t a p e  t r a n s p o r t . ^  I t  i s  p o s s i b l e  t h a t  
th e  f l u t t e r  f r e q u e n c y  o f  th e  t a p e  t r a n s p o r t  b e a t s  w i th  
th e  3000 c y c l e  tone and i t s  h a rm o n ic s .  These speed  
i n a c c u r a c i e s  cou ld  have cau sed  the  p i t c h  v a r i a t i o n s  which 
th e  o b s e r v e r s  con fused  w i th  th e  m o d u la t io n s  t h a t  were to  
be d e t e c t e d .  Some s u b j e c t s  r e p o r t e d  f l u t t e r  a t  the  low er  
f r e q u e n c i e s  a l s o ,  b u t  s t a t e d  t h a t  i t  was e a s i e r  to  s e p a ­
r a t e  th e  wanted from the  unwanted s i g n a l  a t  the  low 
p i t c h e s .  S in c e  some f l u t t e r  i s  i n h e r e n t  i n  a l l  r o t a t i n g  
m e c h a n ic a l  mechanisms i t  seems t h a t  f u r t h e r  s tu d y  i n  
t h i s  a r e a  m igh t  e l i m i n a t e  t h e s e  unwanted p i t c h  v a r i a t i o n s  
by p r e s e n t i n g  the  s t i m u l i  e n t i r e l y  by e l e c t r o n i c  m ethods .
At t h i s  p o i n t  i t  seems p e r t i n e n t  to i n q u i r e  why 
t h i s  g r e a t e r  d i f f i c u l t y  i n  d e t e c t i n g  w a rb le  i n  the  h i g h e r  
f r e q u e n c i e s  was n o t  o b s e rv e d  i n  th e  d a t a  from the  f i n a l  
e x p e r i m e n t .  The e x p l a n a t i o n  which seems most p ro b a b le  
i s  t h a t  i n  th e  f i n a l  e x p e r im e n t  the  6000 c y c l e  tone  was 
n o t  used  and the  3000 c y c l e  p i t c h  was employed in  on ly  
one c o m b in a t io n .  The t h i r d  p r e l i m i n a r y  i n v e s t i g a t i o n  
showed t h a t  w arb le  was much more d i f f i c u l t  to  d e t e c t  i n  
a  6000 c y c l e  tone than  was the  ca se  i n  th e  low er  f r e ­
q u e n c i e s .  The f l u t t e r  i n  the  tap e  t r a n s p o r t  was most
F l u t t e r  i s  a te rm  used  to d e s c r i b e  r a p id  
v a r i a t i o n s  i n  the  speed  o f  a  r o t a t i n g  mechanism.
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tro u b le s o m e  w ith  th o s e  sounds whose f r e q u e n c i e s  were 
3000 and 6000 c p s .  R e fe re n c e  to  T ab le  V w i l l  show t h a t  
12 o f  the  28 c o m b in a t io n s  employed i n  Exper im en t  I o f  
th e  m a jo r  s tu d y  c o n t a i n e d  e i t h e r  the  6000 o r  th e  3000 c p s .  
s t i m u l u s .  Th is  number o f  co m b in a t io n s  c o n t a i n i n g  a v e ry  
d i f f i c u l t  h ig h  f re q u e n c y  s t i m u l u s  co u ld  r e s u l t  i n  e l e v a t e d  
t h r e s h o l d s  f o r  the  h i g h e r  f re q u e n c y  sounds  i n  Exper im en t  I .
Exper im ent  I I  i n  the  m ajor  s tu d y  o b ta in e d  a v e ry  
d e f i n i t e  c o r r e l a t i o n  be tw een  the  t h r e s h o l d  f o r  the  
d e t e c t i o n  o f  w arb le  i n  two s im u l t a n e o u s l y  p r e s e n t e d  
to n e s  and th e  deg ree  o f  s e p a r a t i o n  between  th e  to n e s .
One p l a u s i b l e  e x p l a n a t i o n  f o r  t h i s  c o r r e l a t i o n  i s  found 
by a n a l y z i n g  one o f  th e  s k i l l s  employed i n  th e  t e s t .
When o n ly  one tone  i s  w a rb led  the  s u b j e c t  must make a 
v e ry  r a p i d  d e c i s i o n  as  to  which o f  the  two p i t c h e s ,  the  
h i g h e r  o r  low er ,  i s  w a rb led .  As the  to n e s  a r e  sp rea d  
w id e r  a p a r t  i n  f re q u en cy  i t  becomes e a s i e r  to  r a p i d l y  
d e t e rm in e  which i s  the  h i g h e r  i n  p i t c h .  Th is  d i f f i c u l t y  
i s  p a r t i c u l a r l y  t r u e  o f  s u b j e c t s  who have had no m u s ic a l  
t r a i n i n g .  S in c e  few er  e r r o r s  a r e  made i n  d e t e r m in in g  
which to n e  i s  h i g h e r  when th e  to n e s  a r e  w id e ly  s e p a r a t e d  
i n  p i t c h ,  the  t h r e s h o l d s  f o r  the  l a r g e r  i n t e r v a l s  w i l l  
tend  to  be lo w e r .  Another  f a c t o r  which may h e l p  to 
e x p l a i n  th e  h i g h e r  t h r e s h o l d s  f o r  s m a l l e r  i n t e r v a l s  i s  
th e  tendency  o f  to n es  which a r e  c l o s e  t o g e t h e r  i n  
f r e q u e n c y  to  combine and be hea rd  as  a s i n g l e  to n e .  When
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t h i s  combining  o c c u r s ,  the  s u b j e c t  p e r c e i v e s  o n ly  one 
p i t c h  and,  t h e r e f o r e ,  ca n n o t  d e te rm in e  w he the r  the  h ig h e r  
o r  low er  tone  i s  b e i n g  w a rb le d .  This  p e r c e p t i o n  d i f f i ­
c u l t y  would ten d  to e l e v a t e  the  t h r e s h o l d  f o r  the  
co m b in a t io n s  w i th  sm a l l  i n t e r v a l s  between them. Th is  
phenomenon was r e p o r t e d  by s e v e r a l  o f  the  s u b j e c t s .
One m igh t  w e l l  ask  why Experim ent I I  o f  the  f i n a l  
s tu d y  showed such a d e f i n i t e  c o r r e l a t i o n  between th e  
t h r e s h o l d s  f o r  d e t e c t i o n  o f  f re q u en cy  m o d u la t io n  i n  two- 
tone  co m b in a t io n s  and the  i n t e r v a l s  between th e  to n es  
when Exper im ent  I d id  n o t .  A f a c t o r  which p ro b a b ly  
f i g u r e d  most p ro m in e n t ly  i n  the  d i s c r e p a n c y  was the  
i n c l u s i o n  o f  the  6000 c y c l e  tone  in  Exper im ent  I .  This  
v e ry  d i f f i c u l t  s t i m u lu s  r a i s e d  the  t h r e s h o l d s  f o r  th e  
l a r g e r  i n t e r v a l s .  This  phenomenon tended to mask the  
lo w e r in g  o f  the  t h r e s h o l d  as  th e  s i z e  o f  th e  i n t e r v a l  
was i n c r e a s e d .
An i n t e r e s t i n g  a s p e c t  o f  t h i s  p r o j e c t  i s  sug ­
g e s t e d  by two s t u d i e s  t h a t  V en a i r  (9) (10) r e p o r t s .  In  
t h e s e  s t u d i e s  the  e x p e r im e n te r  a t t e m p te d  to d e te rm in e  
w he the r  the  human h e a r i n g  mechanism p e r c e iv e d  a  wide 
band o f  the  f r e q u e n c y  spec trum  a t  a g iv en  i n s t a n t  o r  
w h e th e r  on ly  a  narrow band o f  f r e q u e n c i e s  i s  h e a rd  a t  
any one moment. I n  the  l a t t e r  c a s e ,  the  h e a r i n g  mechanism 
would have to  move r a p i d l y  from one o f  the narrow bands 
to  a n o t h e r  sweeping  the whole f re q u en cy  sp e c t ru m .  I f
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the  h e a r i n g  mechanism does move up and down t h e  a u d i t o r y  
sp ec t ru m  i n  nar row -band  se g m en ts ,  i t  may be p o s s i b l e  to 
m easure  the  time n e c e s s a r y  f o r  i t  to sweep from one p a r t  
o f  th e  sp e c t ru m  to a n o t h e r .  I f ,  i n  a d d i t i o n ,  the  assump­
t i o n  may be made t h a t  the  h e a r i n g  mechanism r e q u i r e s  
l e s s  time to  sweep over  a sm a l l  p a r t  o f  the  f r e q u e n c y  
spec trum  th a n  i t  does to  cove r  a  l a r g e r  p o r t i o n ,  we could  
p r e d i c t  t h a t  the  t h r e s h o l d  f o r  to n e s  c l o s e  t o g e t h e r  i n  
p i t c h  would be s h o r t e r  than  the  t h r e s h o l d  f o r  two to n e s  
f a r t h e r  a p a r t  i n  p i t c h .  T h is  t h e o ry  i s  c o n t r a r y  to the 
c o r r e l a t i o n  found in  Exper im ent  I I .  The c u r r e n t  p r o j e c t ,  
t h e r e f o r e ,  does  no t  r e v e a l  any such low er  tem p o ra l  
t h r e s h o l d  f o r  the  to n e s  which a r e  c l o s e r  t o g e t h e r  i n  
f r e q u en cy  and does n o t  len d  s u p p o r t  to  the  h y p o t h e s i s  
t h a t  the  h e a r i n g  mechanism h e a r s  on ly  a narrow band o f  
f r e q u e n c i e s  a t  any g iv en  i n s t a n t .  I f  t h i s  h y p o t h e s i s  i s  
t r u e ,  the  phenomena which would s u b s t a n t i a t e  i t  a r e  
masked by th o s e  c h a r a c t e r i s t i c s  o f  t h i s  p r o j e c t  which 
b ro u g h t  a b o u t  the  c o r r e l a t i o n  o b se rv ed  i n  E xper im en t  I I .
V en a i r  o b se rv ed  (9)  t h a t  l i s t e n e r s  r e s p o n s e s  
" v a r i e d  from s u b j e c t  to s u b j e c t  and from one t ime to 
a n o t h e r  w i th  the  same s u b j e c t . "  She conc luded  t h a t  i t  
i s  p o s s i b l e  t h a t  t h e r e  a r e  peo p le  who a r e  n a r row -band  
l i s t e n e r s  and o t h e r s  who a r e  b ro ad -b an d  l i s t e n e r s ,  and 
s t i l l  o t h e r s  who f i n d  i t  p o s s i b l e  to sw i tc h  from b ro a d ­
band to nar row -band  l i s t e n i n g  a s  the  l i s t e n i n g  t a s k
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demands. I f  t h i s  h y p o t h e s i s  i s  t r u e  the  v a r i a b i l i t y  in  
l i s t e n e r  p e r c e p t i o n  which i t  p o s t u l a t e s  was a  f a c t o r  i n  
t h i s  s t u d y .  At any r a t e ,  t h i s  r e s e a r c h  p r o j e c t  i s  i n  
ag reem en t  w i th  V e n a i r ' s  s t u d i e s  i n  r e j e c t i n g  th e  h y p o t h e s i s  
t h a t  human h e a r i n g  i s  e x c l u s i v e l y  n a r ro w -b an d .
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